Quantification of changes in land tenure over time is, therefore, likely to be of interest 48 to managers of rangelands and policy-makers more generally. Common types of 49 rangeland tenure are lease systems (the long-term rental of government or Crown land 50 by third parties for grazing and/or other activities), freehold and various types of 51 traditional land tenure, such as through long-term association with land by indigenous 52 people. 53
The characteristics of the landholder can have an equally persuasive effect on 54 rangeland condition through their influence on such things as overall land 55 management ethos, management priorities and economic imperatives (Huntsinger et 56 al. 2010 ). Type of landholder can cut across types of land tenure; for instance, in 57 Australia, indigenous people may hold rangelands through freehold title (mostly non-58 transferable), common-law native title or ownership of a pastoral lease (Holmes 59 2010) . Quantification of spatial changes in land, based on landholder type, is also 60 likely to be of interest to those responsible for rangeland policy and management. 61
There has been a long history of pastoralism in the arid and semi-arid lands of 62 6 changes been undertaken. This paper seeks to quantify changes to Western Australian 114 pastoral leases from the 1950s to recent times, chiefly in terms of amendments to land 115 tenure and the types of lease holders, and evaluates the potential for such changes to 116 realise outcomes for nature conservation and the restoration of degraded landscapes. It 117 is particularly focussed on exploring the implications of land tenure and landholder 118 changes on landscape-to regional-scale ecosystem patterns and processes. The study 119 area is the main rangeland belt across central Western Australia, which are arid and 120 semi-arid lands consisting predominantly of Acacia shrublands/woodlands, and is 121 delineated by six bio-regions (Pilbara, Gascoyne, Carnarvon, Yalgoo, Murchison and 122 Coolgardie) , covering some 76 m ha in total ( Australia, leases may be bought or sold on the open market and, hence, for the 133 purposes of this paper, a person or organisation can be holder of a pastoral lease 134 which gives them rights to graze that land and sell livestock from it. The holder of a 135 pastoral lease is also referred to as the lessee or leaseholder. Three types of holders of 136 pastoral leases are recognised in this paper: 1) individual, family or company, referred 137 to as private leases in this paper, for whom pastoralism (grazing of livestock) is the7 main objective and means of livelihood; 2) mining company, who may maintain some 139 livestock but whose main objective is typically not pastoralism but rather mineral 140 extraction, exploration and/or access; and 3) aboriginal group where pastoralism may 141 be an objective, but not always the only one (e.g. traditional land uses may also be 142 practised; Eringa and Wittber 2010) -these are referred to as indigenous pastoral 143 leases in this paper. Two additional categories of ownership are recognised for 144 pastoral leases acquired between 1998 and 2008 for the purpose of conservation: 1) 145 'WADEC' for those many pastoral leases purchased by WADEC in this period; and 146
2) 'non-government conservation' which represents pastoral lease purchases by 147 private conservation organisations. The WADEC-held leases are planned to be 148 converted to conservation reserves, the first step of which has involved 149 relinquishment of the lease which results in automatic but interim reversion of land to 150 the Unallocated Crown Land category. The proposed next step is formal change of 151 tenure to conservation reserve which requires approval by the Western Australian 152
State Parliament which has yet to occur. Most of the WADEC-held leases, therefore, 153 are no longer pastoral leases in terms of land tenure but are maintained as a separate 154 entity in this paper to highlight recent trends in conversions of leases and the fact that 155 this transition in tenure to conservation reserve is likely to take some time and is not 156
guaranteed. 157
Spatial and temporal data on land tenure and lease ownership within the study 158 area was obtained from a number of sources (Table 1) . Data on land tenure was 159 obtained from the National Land and Water Resources Audit of Australian 160 rangelands, which includes detailed land tenure maps for 1955, 1965, 1975, 1985, 161 1995 and 1999 . This data was then updated using other government spatial databases 162 (Table 1) 
Australian rangelands 178
Although the vast majority of land in the study area remains as pastoral lease tenure 179 (~ 65 %; Table 2), the area and number of pastoral leases has declined since 1955, 180 especially those held by families and/or companies (non-indigenous leases in Fig. 2) . 181
Between 1955 and 2008, the area of non-indigenous leases declined by 8.9 m ha, 182 which represents about 12 % of the study area (Fig. 2) . The bulk of this change has 183 occurred since 1995 and is mostly attributable to pastoral leases being purchased by 184 the WADEC and aboriginal organisations. Pastoral leases owned by aboriginal groups 185 have increased gradually over the last few decades (Fig. 2 ) and now occupy almost 5 186 % of the study area (Table 2) . conservation organisations now cover some 48 800 ha of the study area (Fig. 3) , 207 although the total area of these reserves is 231 000 ha. This is because these reserves 208 straddle the study area boundary, i.e. they extend into the Avon and The outcome of these recent purchases of pastoral leases is that some 71 % of 231 leases, including the recent WADEC acquisitions, by both area and number, are 232 privately held, mostly by families but also by some pastoral companies, whilst the 233 other 29 % is being managed by groups for whom making a profit from pastoralism is 234 not necessarily a priority ( downstream. This suggests that leaseholders must co-operate at the broad scales of 330 catchments or sub-catchments to be effective in restoration. 331
Another key process operating at broader spatial scales is the movement of 332 fauna, particularly emus and kangaroos. Many of these are nomadic or semi-nomadic 333 and may move over large distances as they seek food resources generally available 334 following large episodic rain events (Davies 1984 Fire is another key ecological factor operating at broader spatial scales (Table  342 3). Most rangelands within the study area can potentially experience fire although 343 mostly only following abundant rain and/or sustained low grazing pressures ( 
